Purpose: The marginal fit of zirconia cores that were produced by CAD/CAM and by copy milling systems was compared and analyzed to confirm the significance of the variation in dental technicians' skill between the two systems.
Introduction
Due to continued interest in aesthetic dental restorations, studies of restorations with similar dental colors have continued along with those of dental materials and instruments with satisfactory strength. Although various all-ceramic restorations have been used in-clinic, it has been difficult to find a material that satisfies the requirements for both strength and aesthetics. Recently, zirconia has been recognized as an alternative solution for this issue, and its clinical application has been widely used [1] [2] [3] [4] [5] . Because of the high melting point of zirconia, it is mainly processed by a milling method. This milling technique is one of the two major systems for producing restorations, based on the methods of image scanning and milling: namely, the computer-aided design and manufacturing (CAD/CAM) system and the copy milling system [6] [7] [8] . The CAD/CAM system applies CAD onto the images acquired by scanning a die, which is cut by following the design using a milling machine. The sintering process occurs afterward and manufactures a coping with light-curing resin on a die that is then replicated by cutting and sintering the resin [6, [9] [10] [11] [12] [13] [14] [15] [16] . By applying the CAD/CAM system, a dental laboratory can save time in producing cores and benefit by producing consistent results, although the system requires very expensive instruments [7] . Conversely, the equipment required for the copy milling system costs less, but requires a significant amount of time for zirconia block cutting because of the manual handling required, which is considered to be highly dependent on the skill of the dental technician [6, 7, 17] . However, there have been no studies evaluating the technique sensitivity of a milling system by measuring the marginal gaps of restorations made by the system. In our present study, a CAD/CAM system was compared with a copy milling system to determine the marginal fit-a value that is considered to be the most representative parameter of precision in prosthodontics-to evaluate the accuracy of each dental laboratory. Attempts were made to compare and analyze the marginal discrepancy between dental laboratories.
Materials and Methods
By replicating and cutting the preformed teeth in the dentiform, the maxillary left central incisor shape of the resin model tooth was produced and used as the original abutment tooth (D85DP-CHO.1, Nissin Dental Products, Inc., Kyoto, Japan). Approximately 1.0 mm widths of the shoulder at the marginal zone from the labial, palatal, mesial, and distal sides are shown in Figure 1 .
After a master die was formed by adjusting the model tooth on a pattern resin (DuraLay, Reliance Dental Mfg. Co., Worth, IL), it was used as an impression template. Individual trays were prepared and used to take the impression in polyvinylsiloxane (Aqua Sil Ultra Monophase, DENTSPLY Caulk, Milford, DE). High strength dental stone (GC Fujirock ® EP, GC Europe N.V., Leuven, Belgium) was poured into the impressions to replicate 30 abutment tooth-shaped die sets. Three sets of the replicated dies were sent to each of the five dental laboratories using the same CAD/CAM system (assigned as groups A, B, C, D, and E). Three sets of the rest 15 dies were delivered to each of other five dental laboratories (assigned as groups a, b, c, d, and e), which used the same copy milling system. A total of 30 zirconia cores were made, with three cores manufactured by each of the 10 dental laboratories.
Zirconia core fabrication
In the case of the CAD/CAM group, the Everest system (Kavo, Biberach, Germany) was used. After the die scanning was completed, a cement space of 40 µm was added from the incisal edge to 1 mm above the margin of the prepared dies. The zirconia blocks were cut and milled, and then the milled blocks were finally sintered to make zirconia cores.
In the case of the copy milling systems, die spacer was initially applied twice up to 1 mm above the margin for the cement space, while die hardener was applied on the margin. After the copings were made of light-curing resin, zirconia blocks were cut and milled with the Zirkonzahn ® system (Zirkonzahn Gmbh, Bruneck, Italy) using the copy milling technique. Finally, the copy-milled blocks were sintered to make zirconia cores.
Measurement of vertical marginal discrepancy
Using a dual-cure resin cement (Rely X Unicem, 3M ESPE, Seefeld, Germany), 30 cores were cemented onto the dental stone dies under finger pressure due to clinical similarity. Only a chemical curing process was applied during the setting of the cement, without the light-curing procedure. While the core was in a cemented state, a marginal view of the core was observed using a stereoscopic microscope (SMZ-U, Nikon, Tokyo, Japan) at 75× magnification. Using the camera connected to the microscope and image analysis software (NIS-ELEMENTS, Nikon, Tokyo, Japan), 20 randomly selected points of the magnified marginal zone of each sample were photographed, and the vertical marginal gap value was measured (Figure 2 ).
The measurement points of each sample were limited to 20 photographed digital images. The marginal gap was measured at one to four measurement points in each image to acquire 50 total measurement points for each sample. The mean of the 50 vertical marginal gap values measured in each sample was set as the vertical marginal gap value. The 30 vertical marginal gap values that were acquired from the ten dental laboratories were used to calculate the mean vertical marginal gap values of the three samples from each dental laboratory.
Statistical analysis
The statistical significance of the differences in marginal fits between the CAD/CAM and copy milling systems was tested with an independent sample t-test. To test whether the vertical marginal gap created using each system was affected by the skills of dental laboratory technicians; the nonparametric Kruskal-Wallis test was performed. For all of the statistical tests, the level of significance was set to 0.05. Table 1 shows the mean and standard deviation values of the Marginal discrepancies of the zirconia cores that were made by (a) a CAD/CAM system and (b) a copy milling system. These light microscopic views show that the copy milling system produced more accurate zirconia cores than the CAD/CAM system did. Table 1) . The independent t-test results showed a significant difference between the CAD/CAM and copy milling systems; the zirconia cores made by copy milling were significantly more accurate than those made by CAD/CAM (P=0.043). The Kruskal-Wallis test for the marginal fit found no significant differences among the dental laboratories A, B, C, D, and E, which used the CAD/CAM systems (the CC group, P = 0.13). In addition, there were no significant differences in marginal discrepancies among laboratories a, b, c, d, and e, which used the copy milling technique (the CM group, P=0.43).
Results

Die
Discussion
This study found that the technician's skill was not a determining factor influencing the accuracy of a copy milling system in manufacturing a single zirconia core. Also, the copy milling system used in this study fabricated more accurate zirconia cores than the CAD/CAM system did. Considering that the manual handling by a dental technician is very important in the copy milling system, the variation in the marginal fits of the zirconia copings was anticipated to be larger among the dental laboratories using the copy milling system than those using the CAD/CAM system. However, the results of Kruskal-Wallis test in this investigation accepted the null hypothesis: there was no significant difference in marginal accuracy among the dental technicians when either a CAD/CAM or a copy milling system was used to make zirconia copings. The copy milling system may be appropriate for fabricating a zirconia restoration, considering the marginal accuracy and the dependency on the skill of technicians.
The marginal fit of fixed prosthodontics is an important factor in determining the success of the prostheses. An ideal marginal fit minimizes gingival stimulation, cement solubility, secondary caries, and discoloration of the marginal zone [7, 15] . The clinically allowed maximum marginal gap has been reported to be 120 µm, although there is no clinically accepted clear standard for marginal fit [18] . Molin et al. also reported an appropriate marginal gap to be 50 to 100 µm for resin cement to have an appropriate function in bonding [19] . Based on these suggestions, both the CAD/CAM and copy milling systems that were evaluated in this study produced zirconia cores that are clinically acceptable with regard to marginal accuracy. Several studies have discussed whether or not samples should be cemented before obtaining the marginal fit measurement [5, 14, 20] . Cementing had no significant effect on the vertical marginal gap in some previous studies, while others reported a significant increase in the marginal gap [5, 14, 20] . The effect of cementation on marginal accuracy is still considered to be controversial. The marginal gap was measured after cementing the samples in this study due to clinical similarity. Further investigations of the cementation effect are required.
There are various methods to measure the marginal gap of a fixed dental restoration. The direct observation that was used in this study is considered to be a useful and fast procedure that allows for the measurement of every restoration in the manufacturing process [7, 9, 17] .
However, the indistinct restoration margins, the locations of the samples, and the microscope positioning have a negative influence on accurate measurement by direct observation [7] . In the case of an over-contoured restoration, this direct observation method is limited in measuring the marginal discrepancy accurately, and the horizontal marginal misfit as well as the vertical one has to be included in the measurement [21] . Although a new method utilizing computer science has been recently introduced to evaluate the marginal fit in three dimensions, more studies are needed to determine an adequate methodology [22] .
The suggested elements affecting the marginal accuracy of zirconia fixed prosthodontics include the manufacturing system, prosthodontic length, presence of a veneer, shape of the prosthodontic, and the years of service [11] . This study showed that a copy milling system produced more accurate zirconia frameworks than a CAD/CAM system when using a pre-sintered zirconia block. Pre-sintered blocks allow for faster and easier milling. However, shrinkage of 15 to 30 % occurs due to sintering. This may increase the marginal gap of a restoration regardless of the milling technique used [15] . Kohorst et al. reported that the fully sintered zirconia and pre-sintered zirconia blocks exhibited absolute marginal errors of 58 µm and 183 to 206 µm, respectively, in four-unit fixed prosthodontics [13] . Fully sintered zirconia requires no additional sintering. The material processing as well as the milling technique must be considered when evaluating the accuracy of a zirconia restoration.
Conclusions
The marginal fit of a zirconia coping for a single restoration in a copy milling system may be superior to that in a CAD/CAM system. This study, however, indicates that all of the zirconia copings made by both systems should be clinically acceptable, based on the criterion of the clinically acceptable marginal accuracy limit of 120 µm. The copy milling system may fabricate more accurate zirconia copings than the CAD/CAM system without great dependence on the skill of dental technicians.
